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Up to now, there has been some controversy about green certificates (a form of subsidy) that are granted 
for the installation of photovoltaic (PV) panels in the Flemish residential sector. The Flemish government 
has already reduced the value of future green certificates, because they appeared to be excessively high. 
Currently, power providers have to pay for these certificates. Owners not having a PV installation suspect 
that they will be charged for those additional costs in the form of rising energy bills. As such, it seems 
that investing in PV panels would end up being the cheapest option for them in the long run. At the same 
time, we observe the following trends in analyzing costs and benefits in installing PV panels in the 
Flemish residential sector: the PV industry is booming causing PV panels to become cheaper; energy 
prices will continue to rise (with or without including the recovery of green certificates costs); tax 
revenues on the investment cost will be abolished; and the value of green certificates decreases when 
households postpone their investment in PV panels. It is therefore worth investigating when the 
investment in PV panels for the Flemish residential sector is optimal in terms of time. We compare the 
timing of different investments by analyzing their future value and return, embedded in a sensitivity 
analysis. By forecasting all relevant parameters, the analysis points out that the best period for investing 
in PV panels for the Flemish residential sector was December 2010 or June 2011. After 2011, PV panels 
remain a responsible financial investment but with a lower rate of return. The results further indicate 
that investment in PV panels was and still remains over-subsidized: the energy cost savings alone are 
almost sufficient to cover the investment cost. Therefore, the government should continue to decrease 
the subsidies in the near future. Apart from saving money, this would also stimulate the average Flemish 
household to invest in PV panels as soon as possible. 

© 2012 Elsevier Ltd. All rights reserved. 


1. Introduction 

More than 40 years have passed since the first application of 
photovoltaic (PV) cells. An explosion of research and development 
in PV technology over recent decades has enabled PV systems to 
compete more closely with traditionally produced electricity. 
However, there still remains some distance to go. As PV technology 
has the potential to provide sustainable electricity, it has attracted 
a lot of attention from policy makers [1]. Up till now, governments 
worldwide have strongly supported renewable electricity genera¬ 
tors by means of a direct subsidy or a feed-in tariff. This has allowed 
the PV industry to switch to mass production. By the end of 2009, 
the total yearly worldwide installed capacity reached 7200 MW. By 
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the end of 2010, this annual figure had doubled [2]. This large-scale 
production and further technological developments will assuredly 
tend to lower prices of PV panels even more. 

The Flemish government provides support to the production of 
electricity from PV panels in the residential sector by different 
subsidies (e.g., green certificates). Note that the residential sector is 
generally known to be responsible for a large proportion of Euro¬ 
pean energy consumption [3]. We refer to Section 2.2 for detailed 
information on these subsidies. 

Recently, there has been some opposition to e.g., the payment 
for these green certificates, as the levels appear to be excessively 
high. Owners fear being saddled with making up for the cost of 
those payments through their rising energy bills. So it seems that 
investing in PV panels would end up being the cheapest option for 
them in the long run. The question then arises about the timing of 
this investment, since investment in a PV installation has a long life 
expectancy and one can only invest once. 

This paper will investigate the most appropriate timing for 
investing in PV panels for the Flemish residential sector. Therefore, 
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we will analyze costs and benefits according to different scenarios 
and use the results as input for calculating the future value and 
return of these investments. 

The existing literature lacks studies on optimizing the timing of 
a PV investment in economic terms (i.e., by means of financial 
evaluation criteria) except for the paper by Ashuri et al. [4]. This 
paper uses real options theory in order to investigate the optimal 
timing for installing PV panels. They argue that the net present 
value (NPV) is not suitable for this analysis because of its deter¬ 
ministic nature. The future value (FV) we will use to perform the 
analysis has a lot in common with the NPV (see Section 2.3). But we 
try to overcome this limitation in two ways. Firstly, we take into 
account changes in the model parameters for future periods, and 
secondly we perform a sensitivity analysis for the most influential 
model parameters. Besides the technique that is used, the paper by 
Ashuri et al. [4] also differs from this work with respect to the focus 
on “Solar Ready Buildings”. We do not include this aspect of the 
work of preparing dwellings for future PV installation. 

Although the literature on optimizing the timing of a PV 
investment in economic terms is very scarce, a similar approach can 
be found in grid parity analyses. Grid parity analysis tries to 
determine the moment where PV electricity can compete with 
electricity prices from the traditional power grid. Bhandari and 
Stadler [5] applied this analysis to Germany and used the experi¬ 
ence curve in order to estimate the future installation cost. This 
curve indicates how the future prices of a certain technology 
evolve. However, grid parity does not necessarily aim at economic 
optimization. As a consequence, it is beyond the scope of this paper 
to make a grid parity analysis for Flanders. We note that the 
experience curve applied to PV cells is not new. Several authors (see 
e.g., Refs. [6-8],) analyzed the use of this curve with respect to 
energy technologies in general and PV installations in particular. 
Also in a portfolio analysis, considering PV in future energy 
production, the experience curve is used for predicting cost 
reductions [9]. 

Apart from grid parity analysis, the scientific literature offers 
several other studies of residential PV installations worldwide from 
the perspective of profit maximizing. However, most investments 
are contemporary, and thus not comparable over time [10-13]. Note 
that location plays a major role in PV investment evaluation as 
productivity and subsidy legislation largely depend on the political 
and geographical location [11 ]. As a result, the manner of subsidizing 
may require a totally different approach in economic analysis. 

We will proceed as follows. In Section 2, we present the 
formulae for calculating the costs and benefits related to invest¬ 
ment in PV panels. We end this section by representing the build¬ 
up of the future value and return formulae. Section 3 answers the 
timing question by assigning generic values to the parameters of 
these formulae and by performing a sensitivity analysis for 
a number of parameters. The final section concludes with the major 
findings and points out possibilities for future research. 

2. Model 

The model is designed using an Excel spreadsheet. The time is 
not a continuous variable in the design. The data were calculated 
and assessed for each month resulting in 12 outputs for each year. 

Costs (investment cost and financing cost) and revenues 
(interest bonification, tax revenues, energy cost savings, green 
certificates and interest on uninvested capital) are the most 
important variables for a model to investigate the optimal timing of 
investment in PV panels. Insurance and maintenance costs are not 
significant and therefore are excluded from the analysis. The goal is 
to determine the optimal time for investments in PV panels 
between 2010 and 2018. 


In Sections 2.1 and 2.2 we discuss the costs and revenues in 
detail and the formulae represent all costs and revenues discounted to 
the value at the time of investment. In order to be able to compare the 
possible investments, we calculate the future value of all invest¬ 
ments at December 1 st, 2043 and their return (see Section 2.3). This 
is the point in time equal to the end life of the panels corresponding 
to the latest possible investment (i.e., December 1st, 2018). 

2.1. Costs 

In what follows, we discuss how the investment cost of PV 
panels is obtained (Section 2.1.1) and which additional costs are 
generated if the investment requires borrowing money (Section 
2 . 1 . 2 ). 

2.1.1. Investment cost in PV panels 

In order to obtain the investment cost of a PV installation in the 
years to come, a forecast is necessary with respect to the future cost 
of a PV installation. Many factors impact the future cost. In general, 
a realistic estimation asks for a complex model with many vari¬ 
ables. To keep the forecast comprehensible and straightforward, 
the theory underlying the experience curve will be applied. The 
experience curve is a tool that attempts to calculate the decrease in 
future prices of a certain technology using cumulative production 
forecasts. The numerous examples from literature (see Section 1) 
justify making use of the experience curve to predict the future 
prices of PV installations. However, this curve does have a number 
of (methodological) limitations. We refer to Ref. [14] for a detailed 
discussion of those limitations. The experience curve is defined 
using Eqs. (l)-(3). C; represents the cost at time i, Co is the cost of 
the base year (which is at the beginning of 2010 in our model). Qi 
and Qo are the total installed capacity, further referred to as the 
cumulative production, at time i and at the base year respectively, 
while b is defined as the learning coefficient. 


Ci - c "(!) 

(1) 

PR = (2) b 

(2) 

LR = 1 - PR 

(3) 


Eq. (1) shows that the cost decreases by a fixed percentage for 
each doubling of cumulative production [15]. The parameter b is 
used to calculate the progress ratio (PR) and the learning rate (LR). 
LR is considered a cost or price reduction percentage upon each 
doubling of cumulative production [8]. 

Bhandari and Stadler [5] published an overview of investigated 
PR values of PV installations. They show that the PR is always close 
to 80% (corresponding with a LR of 20%). An important addition to 
the list is a recent publication of EPIA [16], reporting a PR of 78% on 
a global scale. In what follows, we assume worldwide production in 
using the formulae for the learning curve. The goodness of fit 
(represented by R 2 ) is always (for all studies) close to 95% [7]. This 
justifies the use of the experience curve. 

Apart from the PR value, we also need an estimation of Qi, the 
cumulative production at time i. EPIA [2] has conducted a study in 
which the cumulative production (or capacity) is calculated on 
a global scale for the coming years. Two scenarios have been 
developed: the moderate scenario and the policy-driven scenario. 
These scenarios represent a pessimistic and an optimistic case 
respectively. Lloyd and Forest [17] extended these cases up to three 
additional scenarios based upon the evolution of the energy market 
(the peak oil fast-track scenario, the peak oil collapse scenario and 
the climate change scenario). All scenarios are represented in Fig. 1. 
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Moderate scenario 


Policy-driven scenario 


Peak oil collapse scenario 


Peak oil fast-track scenario 


Climate change scenario 


Year 

Fig. 1. Evolution of the cumulative production of PV panels on a global scale for the different scenarios. 


It shows that the moderate scenario prognosis of EPIA [2] is more 
conservative as compared to the scenarios proposed by Lloyd and 
Forest [17]. Previous annual reports of EPIA have shown that their 
prognoses were always on the conservative side [18]. 

Since we know all the necessary parameters, we can start by 
explaining the formula for calculating the investment cost in PV 
panels as represented in Eq. (4). IC mt represents the total invest¬ 
ment cost at month m of year t for installing PV panels for an 
average household. 

ICmt = Ppeak (o>0 + VAT) + C 0 (1 + VAT ) j * ( 4 ) 


bonification, a tax revenue of 40% on the remaining interest of the 
loan can be obtained (see Section 2.2.2). We assume that the 
investor opts for fixed annuities represented by in the event of 
an annual interest rate equal to p when investing Q €. The total 
interest payments occur at the beginning of each term and are 
represented on the right-hand side of Eq. (5). FC mt represents the 
additional financing costs (on top of the investment cost) when 
investing in month m of year t. 


n-l 


FC 


mt 


E 


A 


ICmt-P 


-IC 


i = 


5(i +py 


mt 



We assume PR to be 79%, which is the average value for PR found 
in the overview of Bhandari and Stadler [5]. From PR, b is deduced 
using Eq. (2). Consequently, the constant b in Eq. (4) corresponds to 
a value of -0.34. P pea k represents the installed capacity, expressed in 
wattpeak (Wp). The model will use 5 kWp as a standard value, which 
represents the required capacity for an average household. Co is the 
cost of the installation of PV panels at the beginning of 2010. A 
reference value of 3.66 €/Wp for Co is assumed. This value was ob¬ 
tained from the average of thirteen offers for an installation in 
January 2010. The value 3.66 €/Wp is the price, excluding 6% value 
added tax (VAT). VAT of 6% relates to the cost when installing PV 
panels on a dwelling that is older than 5 years; VAT of 21% relates to 
the cost when installing PV panels on a dwelling that is not yet 5 
years old. Co(l + VAT)/10 is the cost of the inverter after twelve years 
(i.e., the time of its replacement) as this cost amounts to ten percent 
of the original investment cost. Qmt is the total cumulative installed 
capacity worldwide in month m of year t as represented in Fig. 1 (note 
that capacity and production are used as synonyms and Qmt differs 
for each of the five scenarios). Qo is the total cumulative installed 
capacity worldwide at the start of 2010 and equals 22,902 MW [2]. 
The results of Eq. (4) for all scenarios are represented in Fig. 2. 

2A.2. Financing costs for investing in PV panels 

Investment in PV panels may require borrowing money. In what 
follows, we will assume that the loan covers the total amount of the 
initial investment cost as calculated in the previous section. For 
investment in PV panels, a “green loan” can be obtained from the 
bank (limited to 15,000 €). To finance this type of investment, the 
bank charges an annual interest rate (p). We assume p to be 3.68% 
for a loan duration (n) equal to 5 years. This percentage includes 
interest bonification. The latter is an additional support measure 
from the Flemish government. It boils down to a subsidy which is 
equivalent to 1.5% of the loan cost (see Section 2.2.1). Besides this 


2.2. Revenues 

In what follows, we represent the standard types of revenues 
that are obtained in investing in PV panels. Besides the 
subsidies, i.e., interest bonification (Section 2.2.1), tax revenues 
(Section 2.2.2), green certificates (Section 2.2.4), we also have to 
take into account energy cost savings (Section 2.2.3) and capital 
interest revenues gained by investing later than at the start of 2010 
(Section 2.3). 

2.2.1. Interest bonification 

The annual interest rate (p) of the green loan (see Section 2.1.2) 
includes interest bonification. This boils down to a subsidy from the 
government which is equivalent to 1.5% of the loan cost in the year 
of investment. However, from January 1st, 2012 on, the green loans 
for investing in PV panels will be omitted. 

The value of this interest bonification (IB mt ) is represented in 
Eq. (6). 


IB 


mt 


FC m t — 


FC 


E Vooo - (p °°' 5) -15.000 
i=o(l +(p-0.015))7 

IC mt >15,000 and t < 2011 


/ n-l 


, ^ Ac mt _(p-0.015) \ _ 

Vi=o(l + (p-0.015))7 

< 15,000 and t < 2011 

0, t>2011 


IC 


mt 



Aq_(p_o.oi 5 ) represents the fixed annuities in the event of an 
interest rate equal to the interest rate (p) minus the interest boni¬ 
fication (1.5%) when lending Q€. 
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Moderate scenario - 6% VAT 
Policy-driven scenario - 6% VAT 
Peak oil collapse scenario - 6 ° 6 VAT 
Peak oil fast-track scenario - 6% VAT 
Climate change scenario - 6% VAT 
Moderate scenario - 21% VAT 
Policy-driven scenario - 21% VAT 
Peakoil collapse scenario - 21% VAT 
Peak oil fast-track scenario - 21% VAT 
Climate change scenario - 21% VAT 


Month and year of installation 


Fig. 2. Investment costs for an average household in the event of 6% and 21% VAT and for different scenarios for the cumulative production of PV panels worldwide. 


2.2.2. Tax revenues 

The federal government grants a tax reduction of 40% (r) on the 
investment cost. However, the maximum tax reduction (M t ) per year 
is set at 3600 € for t equal to 2010 and 3680 € for t equal to 2011. The 
tax reduction will disappear for investments in 2012 or later. If the 
dwelling is older than 5 years, the tax reduction can be spread over 4 
years; if the dwelling is less than 5 years old, the tax reduction is only 
valid for one year. However, in total (i.e., spread over 4 years or 1 
year), the tax reduction may not exceed 40% (r) of the investment 
cost. TR mt , which can be found in Eq. (7), represents the total fiscal 
reduction on the investment cost when investing in month m of year 
t. Ti (with i = t+ 1,..., t + 4) indicates the amount of tax reduction in 
the years i following the year of investment (year t). On top of this 
yearly tax reduction, the local tax rate q generates additional tax 
revenues. This local tax rate is represented by q and is set at 7.5%. The 
parameter d (equal to 3%) is assumed to be the discount rate (or cost 
of capital) in what follows. 



(1 + q) —-—^ VAT = 6% and t = 2010 

i = i (It - d) 

or 2011 


(1 + q)min{r(lC m t), M t} VAT = 21% and 

(1 + d) 

t = 2010 or 2011 
0, t > 2012 


f 0, r(IC m t) - (z - l)Mt < 0 
with 7j- = \ min{(r(IC mt )-(i-l)M t ),Mt}, 
{ r(IC mt )-(i-l)M t >0 


Next to the interest bonification of the green loan, a tax rebate of 
40% on the remaining interest of this green loan can be obtained. 
This is represented by TR mtjg i in Eq. (8) (the subscript gl stands 
for “green loan”). The interest amount paid in the ith year for 
a green loan of Q € to finance a PV installation is indicated by the 
symbol Jqj. 



n y? r (^15,000_i) 

/=o (i + (p-om5)f 

t < 2011 


< n y' _ r_{j 

.■=0(1 + (p 


IC 



0.015)) 


t < 2011 
0, t>2011 


IC mt >15,000 and 


IC mt < 15,000 and 


2.2.3. Energy cost savings (ECS mt ) 

To estimate the future energy cost savings of an investment in PV 
panels, a correct calculation of the electricity prices during the life 
expectancy of the panels is required. A further increase in electricity 
prices is obviously beneficial to the owner of a PV installation. 

Nowadays, solar panels have a life expectancy varying between 
20 and 30 years. Hence for this model, a life expectancy of 25 years 
is chosen. This means that if someone is about to invest until 2018 
(the final year in which renewable electricity certificates will be 
granted), he should have an idea of the electricity prices until 2043 
to calculate his returns. This requires a forecast over a very long 
term. There are studies aiming for long-term forecasts of electricity 
prices by means of complex modelling including all relevant factors 
(see, e.g., the EMELIE-model [19] and the dynLEM-model [19]). 
Indeed, projecting the past onto the present does not appear to be 
that simple [20]. The results of the dynLEM-model show an average 
annual price increase ranging from 1% to 3% [19]. Bhandari and 
Stadler [5] forecast an annual increase in electricity prices between 
2% and 4%. Because the Belgian market of electricity production can 
be considered as being monopolized the figure will be closer to 4%. 

The total yield (in terms of kWh) of the PV investment depends 
on the installed capacity. Wattpeak (Wp) is the unit of capacity of 
a PV panel under standard testing conditions. An installation with 
a capacity of 1 kWp oriented to the south and with a 30° inclination 
angle, will produce an optimal 850 kWh on a yearly base. An 
alternative orientation or inclination leads to a reduced electricity 
yield (Table 1). 
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Table 1 

Output in terms of inclination and orientation. 


Orientation 

Slope 30° 

Slope 45° 

South 

100% 

98% 

South-east or south-west 

96% 

93% 

East or west 

85% 

79% 


The energy cost savings (ECS mt ) in Eq. (9) are calculated by 
multiplying the electricity prices (in €/l<Wh) and the total yield (in 
kWh) over the whole time span of 25 years. 


ECS mt 


~| Uo(l +g) i ~ 1 850P peak i(l - (f — 1 )z) 

.h. (i +dy 

— £ 0 850P peak /(l — s m ) 

E 0 ( 1 +g) 25 8 50P peak /(l - 25z)(l - Sm) 



Eo represents the electricity price in the starting year (2010) 
and is set at 0.1959 €/l<Wh. The price in the years that follow is 
calculated by taking into account the electricity price growth rate 
(g), set at 4%. The first term in Eq. (9) represents the discounted 
energy cost savings from the first until the 25th year of installa¬ 
tion. The value l is the output as represented in Table 1 (i.e., I 
equals 100% for a south orientation and inclination slope of 30°). 
The value z is a parameter incorporating degradation of the PV 
system. This degradation is considered to be linear and a standard 
value of 0.44% (which corresponds to a linear degradation of 11% 
[21] over a time period of 25 years) is set for z. o represents the 
percentage of the production of the PV panels that is consumed. 
Since overproduction cannot be sold to the grid or hardly be 
stored in a battery, we assume this overconsumption to be “lost”. 
The second term accounts for the yield “loss” in the first year. 
This loss corresponds to the months in the first year in which the 
installation has not yet been installed. The third term includes the 
remaining period during the last year of production. The index 
m corresponds to the month in which the installation has started 
to work. s m is the percentage of yield that can be expected on 
average for the remainder of the year (starting in month m). 
The values for s m (applicable for Belgium) are represented in 
Table 2. Table 2 is based on the share of monthly sunshine in 
a year. This share is relatively low for the first and last months of 
the year (for example, three percent for January, two percent for 
December). 


2.2.4. Green certificates 

The Flemish government provides support for the production 
of electricity from PV panels by means of green certificates 
(subject to some conditions such as, e.g., a sufficiently insulated 
roof,...). For each 1000 kWh electricity generated by PV 
panels, the owner receives a green certificate. The concrete val¬ 
ue of these certificates and the time period depend on the 


Table 2 

Yield for the remaining period when installing PV panels in a specific month cor¬ 
responding to the share of sunshine per month. 


Jan 

Feb 

Mar 

Apr 

May 

Jun 

jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Sl 

S2 

S3 

s 4 

S5 

S6 

S7 

S8 

s 9 

S10 

Sll 

S12 

100% 

97% 

92% 

84% 

72% 

59% 

46% 

32% 

20% 

11% 

6% 

2% 


Source: KMI [22]. 


Table 3 

Scheme of green certificates (in €) granted by the Flemish government. 


E m t 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

Jan 

350 

330 

250 

190 

150 

110 

90 

90 

90 

Feb 

350 

330 

250 

190 

150 

110 

90 

90 

90 

Mar 

350 

330 

250 

190 

150 

110 

90 

90 

90 

Apr 

350 

330 

230 

190 

150 

110 

90 

90 

90 

May 

350 

330 

230 

190 

150 

110 

90 

90 

90 

Jun 

350 

330 

230 

190 

150 

110 

90 

90 

90 

Jul 

350 

300 

210 

190 

150 

110 

90 

90 

90 

Aug 

350 

300 

210 

190 

150 

110 

90 

90 

90 

Sep 

350 

300 

210 

190 

150 

110 

90 

90 

90 

Oct 

350 

270 

210 

190 

150 

110 

90 

90 

90 

Nov 

350 

270 

210 

190 

150 

110 

90 

90 

90 

Dec 

350 

270 

210 

190 

150 

110 

90 

90 

90 

Years 

20 

20 

20 

15 

15 

15 

15 

15 

15 


granted 


timing of the investment in PV panels and is represented 
in Table 3. The symbol F mt represents the value of a green certif¬ 
icate when having invested in month m of year t (t = 2010, ..., 
2018). 

Note that the time period in which these green certificates are 
granted is 20 years when investing in PV panels before 2013. As of 
2013, the time period is reduced to fifteen years. F mt is determined 
by the Flemish government. The discounted value of these green 
certificates (GC mt ) is represented in Eq. (10). 


Table 4 

The parameters of the generic model. 


Description 

Symbol 

Unit 

Value 

Cost of PV panels at 

Jan 1st, 2010 when VAT = 6% 

Co 

€/Wp 

3.88 

Cost of PV panels at 

Jan 1st, 2010 when VAT = 21% 

C 0 

€/Wp 

4.43 

Installed capacity 

worldwide at Jan 1st, 2010 

Qo 

MW 

22,902 

Progress ratio 

PR 

% 

79 

Learning coefficient 

b 


-0.34 

Learning rate 

LR 

% 

21 

Installed capacity 

for an average household 

P peak 

kWp 

5 

Duration loan 

n 

Years 

5 

Interest rate loan 

P 

0/ 

Zo 

3.68 

Local tax rate 

Q 

% 

7.5 

Maximum tax 

revenue (for t = 2010) 

M t 

€ 

3,000.00 

Maximum tax 

revenue (for t = 2011) 

M t 

€ 

3,680.00 

Maximum tax reduction 
percentage 

r 

% 

40 

Electricity price 2010 

E 0 

€/kWh 

0.1959 

Electricity price growth rate 

g 

0/ 

Zo 

4 

Yearly degradation rate 
of the yield of PV panels 

z 

°/ 

Zo 

0.44 

Factor that accounts for 
reduced yield, based on 
orientation and 
inclination of PV panels 

l 

0/ 

Zo 

100 

Percentage of yield that can 
be expected on average 
for the remainder of the year 


% 

Table 2 

Value of a green certificate 
when having invested in 
month m of year t 

Emt 

€ 

Table 3 

Consumption 

O 

O/ 

Zo 

100 

Discount rate 

d 

% 

3 

Initial investment value 
(at Jan 1st, 2010 when 

VAT = 21%) 

S 

€ 

24,359.81 
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Timing ofinvestment 
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Fig. 3. The future value of the investment for the base scenario and VAT equal to 6%. 
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Eq. (10) is equivalent to Eq. (9) with the adjustment that the 
green certificates can only be obtained for each 1000 kWh 
produced. 


2.3. Evaluation criteria 


Our objective is to determine the optimal timing of investing 
in PV panels by comparing the costs and revenues over time. 


Thus, the time and the time value of money play an important 
role. The classical evaluation criteria for this type of investments 
are the net present value (NPV), the internal rate of return (IRR), 
and the payback period (PBP). However, these criteria have the 
following disadvantages. Comparing the NPV of different invest¬ 
ments makes sense only if the investments take place at the same 
time and have the same investment value. The IRR assumes the 
cash inflows are reinvested with the same return as the invest¬ 
ment. In reality, the households will never be able to reinvest the 
profit of their PV panels back into these panels. The PBP does not 
take the time value of money into account and does not say 
anything about the investment beyond the time when it is 
recouped completely. That is why we will use none of those 
measures, but will rely on the future value of all investments. 
More specifically, we calculate the (future) value of all possible 
investment timings at December 2043 (FV mt ). That is because this 
is the point in time equal to the end life of the panels corre¬ 
sponding to the latest possible investment (i.e., December 1st, in 
2018). 

In order to have a fair comparison, we will start from the amount 
that can be invested in January 2010. This amount is equal to IC mt 
with m = 1, t = 2010 and VAT = 21% (=24,359.81 € = S) since this is 
the highest of all investment costs. Investing later than January 
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Fig. 4. The future value of the investment for the base scenario and VAT equal to 21%. 
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Fig. 5. The return on the investment for the base scenario and VAT equal to 6%. 


2010, causes the investment to yield interest till the time of 
investment. On top of that, the difference between S and the 
investment cost when investing after January 2010 also yields 
interest after the investment time. This yield (Y mt ) is represented in 
Eq. (11). 


FV 


mt 
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33 -T2~ ( v TT-+(t-2° 1 0)) 


( 12 ) 



S(1 +d) 


(m -1 

V 12 


+ (t—2010) 



( 11 ) 


Apart from the future value of all investments, we can also 
calculate the return on each investment (R mt ). Both the formulae 
for the future value and the return are represented in Eqs. (12) 
and (13). 



(13) 


Note that in Eq. (12), the factor projecting the costs and revenues 
at the time of investment in PV panels has an exponent of 
33 - (1/12) - ((m - 1)/12 + (t - 2010)). This exponent represents 
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Fig. 6. The return on the investment for the base scenario and VAT equal to 21%. 
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Timing of investment 


■ Interest bonification 


■ Tax revenu on green loan interest 


■ Tax revenu on investment cost 


Green certificates 


■ Energy cost savings 


■ Financing cost 


Revenu from investing later than Jan 2010 


Fig. 7. Breakdown of the future value (assuming the policy-driven scenario, VAT = 6%, green loan and investment before 2012) in the base scenario. 


the number of years between the time of investment and December 
1st, 2043. 

3. Results 

The models for FV mt and R mt with standard values for all 
parameters are discussed in Section 3.1. Some sensitivity analysis is 
performed in Section 3.2. 

3.1. The generic model 

In the generic model (base scenario), we use standard values for 
all parameters. These values are represented in Table 4. 

We will use all parameters of Table 4 in Eqs. (12) and (13) and 
combine it with the different cumulative production of PV 
panels-scenarios described in Section 2.1. The results are repre¬ 
sented in Figs. 3-6. 

Figs. 3-6 clearly show that the optimal investment timing for 
the base scenario is December 2010 for all cases with VAT equal to 
6% and June 2011 for all cases with VAT equal to 21%. When 
investing after 2011, the optimal timing for the base scenario is 
March 2012, except for the climate change scenario for both VAT 
tariffs and the peak-oil fast track scenario for VAT equal to 6% where 
it is December 2018. If S is not invested at all, the future value equals 
40,091.62 € (=S(1 + d) 33_1/12 - S) and the return equals the 
discount rate (d = 3%). Figs. 3-6 illustrate that investing in PV 
panels always renders a future value/return that is at least 2.55/1.49 
times higher than not investing. It also worth noticing that the 
investment has a larger return when lending money than when not 
lending money for the investment in PV panels in the event that the 
green loan exists (before 2012). More specifically, the green loan is 
beneficial if “p - 0.015 - r(p - 0.015) < d”. Comparing Figs. 3 and 4 
reveals that VAT has a major impact in the short term. The future 
value of investments with VAT equal to 21% is significantly lower 
than for VAT equal to 6%. As such, it might be advisable to delay the 
investment till the dwelling is 5 years old. Given the age of 
a dwelling that is not yet 5 years old, Figs. 3 and 4 include all 
information to answer the question of whether to delay the 
investment or not. 

Looking at Figs. 3-6, it is advisable to invest in PV panels as soon 
as possible (knowing that green certificates will probably be cut 
back more than represented in Table 3). After 2011, the future value 
decreases rather firmly. In 2013, the future value stabilizes some¬ 
what till the end of 2016 and then increases once more in the years 


that follow. The explanation for this lies in the fact that in the last 
three years (2016, 2017 and 2018), the green certificates remain 
constant while the PV panels continue to get cheaper. 

Note that the drops in Figs. 3-6 over certain time periods always 
correspond to a lowering in the value of green certificates. 

Fig. 7 illustrates that there are four main factors determining the 
yield of the investment: the green certificates, the energy cost 
savings, the tax revenues on the investment cost (when investing 
before 2012) and the revenue from investing later than January 
2010. Note that the green certificate value and the tax revenues on 
the investment cost decrease considerably when investing later, 
but this decrease is largely compensated for by the yield when 
investing later in time. The energy cost savings only slightly 
increase. The figure clearly illustrates that all the subsidies granted 
are not needed in order to make the investment in PV panels 
profitable. Not investing generates a total future value of 
64,451.43 € (=S(1 + d) 33 ~ 1/12 ). Fig. 7 indicates that the energy cost 
savings (with a future value that is always above 56,874.77 €) alone 
cover a large part from the investment in PV panels. 

3.2. Sensitivity analysis 

In this section, we investigate whether the optimal investment 
timing can change by altering the parameters of the base scenario 
(see Table 4). Note that we have already incorporated the following 
changes in Section 3.1: VAT percentage (6% or 21%), investment 
with (green) loan or without loan, evolution of the global 


Table 5 

The parameter values for the sensitivity analysis. 


Parameter 

Symbol 

Value base 
scenario 

Values sensitivity 
analysis 

Degradation rate 
of PV panels 

z 

0.44% 

0.24%, 0.64%, 0.84% 
and 1.04% 

Learning rate 

LR 

21% 

16.8%, 19.6%, 22.4% 
and 25.2% 

Large decrease in 

LR 

21% 

40% (only for 2012) 

investment cost 

Yield percentage 

l 

100% 

79%, 85%, 93%, 96% and 98% 

Electricity price 

g 

4% 

0%, 1%, 2%, 3%, 5% and 6% 

growth rate 

Consumption 

0 

100% 

50%, 60%, 70%, 80% and 90% 

Values of green 
certificates 

Fmt 

Table 3 (100%) 

0%, 10%, 20%, 30%, 40%, 

50%, 60%, 70%, 80%, and 90% 
of the values in Table 3 

Discount rate 

d 

3% 

1%, 2%, 4% and 5% 
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Fig. 8. The future value of the worst and best case for the base scenario as compared to the scenarios from the sensitivity analysis. 


cumulative production of PV panels (moderate, policy-driven, peak 
oil collapse, peak oil fast-track or climate change scenario, which all 
impact the investment cost). 

In order to simplify the figures, we will only concentrate on the 
policy-driven and peak oil fast-track scenarios in what follows. The 
figures for the moderate and peak oil collapse scenarios are similar 
to the policy-driven scenario, whereas the figure for the climate 
change scenario is similar to the peak oil fast-track scenario (see 
Fig. 1 ). 

We subsequently discuss changes in the following parameters 
represented in Table 5. 

The degradation rate of PV panels is assumed to fluctuate 
between 0.24% (low degradation rate) and 1.04% respectively. The 
values for the learning rate are calculated by assuming a standard 
deviation of 0.014 for the progress ratio (<7 PR ) [23]. By taking 
PR + 3(7 pr, PR + opr, PR - crpR, and PR - 3 opr with PR equal to 79%, 
we get the values for LR (=1 - PR) as represented in Table 5. As the 


variability in the experience curve (modelled by opr) cannot fore¬ 
cast a potential large price decrease in PV panels in 2012, we add an 
additional scenario with a temporarily (i.e., only for 2012; for the 
other years, the learning rate equals 21%) high learning rate (40%) 
corresponding to a price of 2.00 €/Wp for PV panels in May 
2012. The electricity price growth rate is assumed to fluctuate 
between 0% (stable prices) and 6%. For the yield percentage, all 
values as represented in Table 1 are taken into account. The values 
of the green current certificates are assumed to be 0% (no subsidies) 
till 90% of the values in the scheme of Table 3. The consumption 
fluctuates between 50% (half of the production is consumed) and 
100% (all production is consumed); the discount rate between 1% 
and 5%. 

Note that the parameters in Table 5 directly influence one or 
more of the three major elements (the green certificates, the energy 
cost savings and the yield by investing later) which constitute the 
future value of the investment as represented in Fig. 7. 
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Timing ofinvestment 


Policy-driven scenario - 6 % VAT - with loan- 
consumption equal to S0% 

Peak oil fast-track scenario - 6 % VAT - with 
loan - consumption equal to 80% 

Policy-driven scenario - 21% VAT - with loan- 
consumption equal to S0% 

Peak oil fast-track scenario - 21% VAT - with 
loan - consumption equal to S0% 


Policy-driven scenario - 6 % VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 6 % VAT - with 
lo an - b a se sc enario 

Policy-driven scenario - 21% VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 21% VAT - with 
loan - base scenario 


Fig. 9. The future value of the scenario with 80% consumption of the produced electricity as compared to the base scenario. 
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Timing of investment 


Policy-driven scenario - 6 % VAT - with loan- 
large decrease in investment cost in 2012 

Peak oil fast-track scenario - 6% VAT - with 
loan - large decrease in investment cost in 2012 

Policv-driven scenario - 21% VAT - with loan- 
large decrease in investment cost in 2012 

Peak oil fast-track scenario - 21% VAT - with 
loan - large decrease in investment cost in 2012 

Policy-driven scenario - 6 % VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 6% VAT - with 
loan - base scenario 

Policy-driven scenario - 21% VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 21 % VAT - with 
loan - base scenario 


Fig. 10. The future value of the scenario with a very large price decrease in PV panel costs as compared to the base scenario. 


In order to give an idea of the worst and best case for the base 
scenarios as compared to the scenarios of the sensitivity analysis 
(as represented in Table 5), we plot their future value in Fig. 8. Note 
that we also represent “from 2012 on” because from this moment 
some subsidies will disappear. 

Fig. 8 clearly shows that the worst case scenarios from 2010 
and 2012 on are equal to each other (for each VAT tariff), except 
for the green certificates scenario. This means that the worst case 
is situated after 2012 for all scenarios except for the green 
certificates scenario. Furthermore, it is worth noticing that the 
electricity price growth rate, the consumption, the value of the 
green certificates and especially the discount rate have the 
greatest impact upon the future value. Indeed, an additional 
increase in electricity prices guarantees firmly increased profits. 


This is obvious as the electricity cost savings are one of the key 
components in the future value of the investment in PV panels. 
The other parameters do influence the future value but to a lesser 
extent. 

With respect to the optimal timing of the investment panels for 
the best and worst cases (as represented in Fig. 8), we observe that 
the worst case is always situated in January (2010, 2012, 2013 or 
2015). 

This is obvious as January is always a month in which the value 
of the green certificates is lowered. For the best case, only the 
discount rate (in the event that VAT equals 6%) scenario differs from 
the base scenario when investing from 2010 on. When investing 
after 2012, the optimal timing is always March 2012 or December 
2018 for the best case. 


150000 

140000 

^ 130000 

- 120000 
* 
u 
o 

2 lioooo 

g 

z 100000 

• W 

S 90000 

Um 

£ 80000 
70000 
60000 



M M r, r ^ 7 ITi V'l V'l O ^ O N ^ N X x x 

Q ^ ^ ^ ^ ^ S ^ ^ ^ ^ Q ^ ^ ^ 

C'a<Mc^C'l<MC'aC')<MC'ic'l<MO'lc^<Mc^C'J<MC'JC^<MC'lC^<MC'lC'l<MC'l 

I I I I I 1 I I I I i III! I I 

E E. E E. E >% E. E E. E >% E E >\E-E E. E E. E >% E. 

-» "5 y: y: v: ->*> y: -> *5 y: y: v: ->*> y: v: 


Timing of investment 


Policy-driven scenario - 6% VAT - with loan- 
no green certificates 

Peak oil fast-track scenario - 6% VAT - with 
loan-no green certificates 

Policy-driven scenario - 21% VAT - with loan¬ 
no green certificates 


Peak oil fast-track scenario - 21% VAT - with 
loan-no green certificates 


Policy-driven scenario - 6% VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 6% VAT - with 
loan - base scenario 

Policy-driven scenario - 21% VAT - with loan- 
base scenario 

Peak oil fast-track scenario - 21% VAT - with 
loan - base scenario 


Fig. 11. The future value of the scenario without green certificates as compared to the base scenario. 
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From Table 5, we further discuss three important scenarios 
which require more detailed results as compared to the results 
represented in Fig. 8. In Fig. 9, we present a scenario in which the 
production of the PV panels is not fully consumed. We assume that 
only 80% of the produced electricity is required. Fig. 10 represents 
a scenario incorporating an unexpected large price decrease of PV 
panels in 2012 (this corresponds to a learning rate of 40% in 2012; 
for the other years, a learning rate of 21% is assumed). Finally, Fig. 11 
represents the scenario where the green certificates are abolished. 

From Fig. 9, we clearly observe that not consuming all produc¬ 
tion of PV panels (20% is not consumed) renders a total loss of 
around 12,500 € at each timing of investment as compared to the 
base scenario. This is obvious as the energy cost savings represent 
the largest share in revenues from investment in PV panels (see 
Fig. 7). Fig. 10 clearly shows that a large price decrease in 2012 
renders an increasing additional revenue (from 10,000 € in January 
2012 till almost 15,000 € in December 2012) as compared to the 
base scenario. Abolishing the green certificates does have a large 
impact in January 2010 (a decreased future value of 55,000 €). 
However, this loss diminishes when investing later and amounts up 
to 10,000 € in December 2018 as compared to the base scenario. 

Note that in carrying out the sensitivity analysis, we obtain 
robust results for the timing in investing in PV panels. The optimal 
timing is always December 2010 or June 2011 when investing from 
2010 on. When investing in PV panels from 2012 on, the optimal 
timing remains March 2012 or December 2018. 

4. Conclusions 

The paper presents a model that investigates the optimal timing 
of investment in PV panels between 2010 and 2018 for the average 
Flemish household. A fixed amount for investment is assumed at 
the start of 2010. In order to compare the investment at different 
timings, we calculated the future value on December 1st, 2043 and 
the related returns. Apart from distinguishing between the VAT 
tariffs (6% and 21%), the timing of the investment (before 2012, 
between 2012 and 2013 and after 2013) and the forecast of the 
future prices of PV technology (moderate, policy-driven, peak oil 
collapse, peak oil fast-track and climate change scenario), we per¬ 
formed some sensitivity analysis on the most influential parame¬ 
ters of the model. 

The results clearly show that investing in December 2010 or 
June 2011 gives the largest future value when investing before 2012 
whereas March 2012 and December 2018 are the best periods to 
invest as of 2012. The discount rate is the most influential param¬ 
eter, followed by the electricity price growth rate, the values of the 
green certificates, and the percentage that is consumed from the 
production of PV panels. 

The figures also point out that investing in PV panels was over¬ 
subsidized in 2010 and 2011 and will remain over-subsidized. 
Indeed, the energy cost savings on their own are almost sufficient 
to cover the investment cost, certainly when an unexpected price 
decrease in 2012 takes place. As such, the abolition of the tax 
revenue on the investment cost at the end of November 2011 does 
not come as a surprise. 

Apart from this over-subsidizing, the shape of the figures (U- 
shape) indicates that a cut in subsidies is likely to take place in the 
near future. It is important to obtain a decreasing trend in this 
future value when the government wants to stimulate households 
to invest in PV panels as soon as possible. In addition, it is clear from 
the analysis that investment in PV panels will remain profitable, 
even when the green certificates are abolished. 


Finally, only the economic value of the investment was taken 
into consideration for this paper. It is well known that the invest¬ 
ment also brings externalities. It is definitely true that PV panels 
repress CO 2 emissions and can as such be seen as a step further 
towards reaching environmental goals such as the global Kyoto 
Protocol or the European 20 20 20. This is a surplus for the investor 
and the community as a whole. At the same time, the production 
phase and disposal of these panels at the end of their useful life 
cause the dispersion of greenhouse gases [24,25]. How to imple¬ 
ment these environmental impacts in the model goes beyond this 
study and can be seen as a point for future research. 
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